The main goal of this study was to improve pure lines for low input agricultural areas of the semi-arid region of Iran and similar environmental conditions. Forty barley pure lines provided from ICARDA along with three check cultivars were evaluated under rain-fed conditions in a semi-arid region of Iran during two years (2011)(2012)(2013). The experiments were conducted in a randomized complete block design with four replications to estimate genetic variation and heritability for agro-morphological traits. The highest values of phenotypic and genotypic coefficients of variation were observed for the number of grains per spike followed by peduncle length, early vigor and grain yield. The broad heritability estimates ranged from 24% for grain yield to 96% for the number of grains per spike. The highest and lowest expected genetic advance, observed for days to physiological maturity and the number of grains per spike, respectively. Results of stepwise regression and path analysis showed that hectoliter grain weight and thousand grain weight exhibited the highest direct effects on grain yield, respectively. Comparisons between the pure lines and check cultivars indicated that out of 40 pure lines, 27 lines had a higher grain yield. Also, the pure lines No. 29, 13, 9 and 33 were identified as the superior lines for semi-arid environmental conditions. Our results indicate that check cultivars could be improved by selecting for pure lines with taller peduncle and the number of grains per spike, but with heavier grains. Therefore, these lines can be used as genetic material to broaden the genetic basis of barley breeding programs all over the world.
INTRODUCTION
Barley (Hordeum vulgar L.) is a main food in several areas of the world and is generally found in areas where other cereals do not grow well due to low rainfall, altitude, soil salinity. It is considered a primary feed crop in the semi-arid parts of Asia, Africa, and South America (POUR- . Barley usually cultivates in the arid and semi-arid regions. Iran located on the world's desert belt, and is intended as the arid and semi-arid region. Normal rainfall in this area is about <300 mm which this is one third of average rainfall in the world, while 1.2 percent of the world's land is allocated to Iran. On the other hand, of 18.5 million hectares of agricultural lands, 6.2 million hectares (33.5%) are devoted to dry cultivation. However, the barley production in Iran was 3.2 million tons in 2012 (FAO, 2012) . Breeding programs depend on the understanding of key traits, genetic and environmental factors and genetic systems controlling their inheritance that influence their expression. Grain yield is a complex of component traits and is greatly affected by many environmental conditions. Various physiological and morphological traits contribute to grain yield. Each of these component traits has its own genetic systems. In addition, these yield components are influenced by environmental variables. So, it is important to separate the total variation into non-heritable and heritable components with the help of genetic parameters such as; phenotypic and genotypic coefficient of variation, heritability and genetic gain (TALEBI and FAYYAZ, 2012) .
Besides, environmental conditions and genotype-by-environment interaction which influenced the relationships among plant characters, the knowledge of the genetic relations between grain yield and its components can be help the plant breeders to increase the efficiency of selection. Thus, it is important to study the relationships among the various characters (EHDAIE and WAINES, 1989) . Correlation and path analysis are the two best approaches to determine these relations that have been used by many researchers in different crops. Correlation between different agro-morphological and physiological traits results from complex interrelationships between grain yield with its related traits and among the traits themselves. However, it does not give an exact image of the relative importance of direct and indirect effects of the various yield attributes (BHATT, 1973) . Therefore, to get a clear picture of the interrelationship between grain yield and other traits, direct and indirect effects should be worked out using path coefficient analysis (DOKUYUCU and AKKAYA, 1999) . Path coefficient analysis has been usually used in crop breeding to determine the relationships between grain yield and its contributing components (SAMONTE et al., 1998) . In this method, the correlation coefficient between two traits is divided into the components which measure the direct and indirect effects (POURSIAHBIDI et al., 2013) . To develop new cultivars and improve productivity of barley, Iran has collaborated with the International Centre for Agricultural Research in the Dry Areas (ICARDA) for more than two decades. In this study, we used a set of different barely pure lines provided from ICARDA to measure the amount of genetic variation for different traits, and the possibility of improving them through breeding programs. The objectives of this field research were to study these pure lines and estimate genetic variability, heritability, and genetic gain from one three year period of selection for grain yield and to identify the characters that differentiate the lines in different groups of agricultural traits.
MATERIALS AND METHODS

Plant materials
Plant materials of this research comprised of 40 pure lines along with three check cultivars of barley (Izeh, Mahour and new cultivar; these cultivars are adapted to semi-arid regions of Iran). These lines were developed by the International Center for Agricultural Research in Dry Areas (ICARDA), Syria. The names, code and pedigree of pure lines are given in Table 1 . 
Field investigated characters
Days to head emergence (DHE), days to physiological maturity (DMA), grain filling period (GFD), early vigor (VIG), plant height (PLH), peduncle length (PL), spike length (SPI), number of grains per spike (NGS), thousands grain weight (TGW), hectoliter grain weight (TW) and grain yield (GY) were measured across two years. Plant height, peduncle length, spike length and number of grains per spike were recorded for 10 plants that had been randomly chosen from the middle rows in each plot.
Statistical analysis
Combined analysis of variance was performed for all evaluated characters. Simple statistics (i.e. mean, maximum, minimum and coefficient of variation) were used in order to compare genetic variation among pure lines. Simple correlation and multiple linear regressions were performed among the values of the barley lines for different phenological, agronomic and morphological characters across two years. The variance components, phenotypic, genotypic coefficients of variation, and genetic again were determined as suggested by BURTON and DE VANE (1953) and JOHNSON et al. (1995) . Direct and indirect path coefficients were calculated via formula described by DEWEY and LU (1959) . The extent of genetic variation was also estimated as broad sense heritability, which is defined as the ratio of the genetic variance arising between barley lines to the total phenotypic variance. Cluster analysis was performed to identify the variability among the lines and their groupings (JOHNSON, 1998) . Statistical evaluations of the data were performed using SAS software (SAS, 2004) .
RESULTS
Analysis of variance and line performance
The combined analysis of variance (ANOVA) showed that the effect of the line was significant for all the characters measured. This indicates the existence of a high degree of genetic variation in the material to be exploited in breeding programs that was also reflected in the broad ranges observed for each character. The year effect was significant for all characters except plant height, grain filling period and the number of grains per spike, while the line × year interaction was significant for all characters. Generally, the results indicating that differences among mean values of genotypes varied with the environmental changes ( Table 2) .
The mean values, ranges and variation displayed by the 11 characters in this study was shown in Table 3 . The highest coefficient of variation (CV) was shown by peduncle length, followed by early vigor, spike length and grain yield. The lowest values were shown by developmental traits such as days to head emergence and days to physiological maturity. Mean of days to head emergence and to physiological maturity ranged from 83 to 106 (with an average 102.78) and 110 to 140 days (with an average 133.19). Mean of grain filling duration ranged from 23 to 38 with an average 30.40 days. The early vigor, plant height and peduncle length varied from 3 to 9 (with an average 6.89), 71.20 to 113 (with an average 94.45 cm) and 1.70 to 13 (with an average 5.53 cm), respectively. The thousand grain weight and number of grains per spike as the main component of grain yield had a range of variability between 20.40 to 47 (with an average 34.01 gr) and 18 to 66 (with an average 36.79), respectively. Moreover, the spike length and hectoliter grain weight ranged from 5 to 12.30 (with an average 8.14 cm) and 52.40 to 81.10 (with an average 71.61 kg). Finally, mean of grain yield varied from 0.34 to 6.54 t ha -1 with an average 3.76 t ha -1
. Mean values of grain yield for different pure lines and check cultivars were also shown in Table 4 . Out of 40 pure lines, 27 lines had a higher grain yield than the mean of three check cultivars. Mean values of grain yield in pure lines vary from 2.64 to 4.34 t ha -1 for lines 24 and 27, respectively. The highest grain yield was shown by pure line 29 (4.28 t ha -1 ), followed by pure lines 13 (4.27 t ha ). Based on mean performance, these pure lines were identified as the superior lines for these environmental conditions. ns, * and **; Non-significant and significant at the 0.05 and 0.01 probability levels, respectively. 
Genetic variation
The relative contributions of the different variance components to the phenotypical variance of each character were shown in Figure 1 . The contribution of genotypic variance to the phenotypical variance was larger than the total contribution of non-heritable components for the number of days to head emergence, peduncle length, number of grains per spike, and thousand grains weight. The number of grains per spike, number of days to head emergence and maturity, peduncle length, hectoliter grains weight, and thousand grains weight, in which phenotypical variation was not influenced by the environmental component, indicated a few effects of environment on the genotypical effect. After the genotypical component for the characters under investigation, the genotype-by-year interaction component was the main contributor for the phenotypic variations in the most of characters, except for grain filling duration and number of grains per spike. In general, the genotype-by-year interaction component in particular contributed to the total phenotypical variation for the number of days to maturity, early vigor, plant height, spike length, and grain yield nearly as much as genotypic component did.
The environmental, phenotypic and genotypic coefficients of variation, estimations of the components of variance, broad-sense heritability, and genetic gain are also presented in Table  5 . The phenotypic coefficient of variation (PCV) was generally higher than the genotypic coefficient of variation (GCV) for all the traits. The highest values of the PCV and GCV were shown by the number of grains per spike followed by peduncle length, early vigor and grain yield. The heritability estimates ranged from 24 to 96% for grain yield and number of grains per spike, respectively. High heritability estimates were also shown for thousand grain weight followed by peduncle length and days to head emergence. Despite of the high heritability that was observed for grain yield components, but this genetic parameter was lowest for grain yield. Low estimates generally were given for grain yield, spike length, days to physiological maturity and plant height, respectively. The expected genetic advance, which expressed as a percentage of the mean, ranged from 1.32 (for the number of days to physiological maturity) to 89.64 (for the number of grains per spike). Relatively very high values were shown for peduncle length, early vigor, and thousand grains weight. On the other hand, low expected genetic advances were observed for days to head emergence, grain yield, number of days to physiological maturity, plant height, and grain filling period. 
Simple correlation coefficient
The simple correlation coefficients among the various traits were presented in Table 6 . The phonological traits, namely days to head emergence and days to physiological maturity, were positively correlated and the days to head emergence showed significant positive correlation with the plant height, number of grains per spike, hectoliter grain weight and grain yield, while the days to physiological maturity had significantly correlated with the all of the traits except early vigor. The grain filling period had a positive correlation with spike length, thousand grain weight and grain yield. Despite of the early vigor was positively associated with thousand grain weight, hectoliter grain weight and grain yield, but had a negative correlation with spike length and number of grains per spike. Plant height showed positive correlation with peduncle length, spike length and number of grains per spike, but a negative correlation with hectoliter grain weight. Peduncle length was positively correlated with thousand grain weight, hectoliter grain weight, and number of grains per spike and grain yield. Number of grains per spike had a negative correlation with spike length, thousand grain weight and hectoliter grain weight. Moreover, spike length was negatively correlated with grain yield. The correlation of thousand grain weight with hectoliter grain weight and grain yield was positive and it was negative with spike length and number of grains per spike. Hectoliter grain weight was positively correlated with grain yield and it was negatively associated with spike length and number of grains per spike. Grain yield generally was positively associated with the all of the traits except plant height, spike length and number of grains per spike. Character DHE DMA GFD  VIG  PHL  PL  SPI  GS  TGW  TW  DMA 
Table 6. Simple correlation coefficients between various pairs of the agro-morphological traits across two years
Stepwise regression and path analysis
The results of stepwise regression analysis were calculated by considering the grain yield as the dependent variable and other characters as the independent variables. Results showed the hectoliter grain weight, thousand grain weight, early vigor, days to physiological maturity, number of grains per spike, spike length and peduncle length remained in the final model and explained 66.7% of variation in the grain yield (Table 7) . In order to partitioning genetically coefficient correlations of grain yield and traits remained in the final model of regression into direct and indirect effects, the path coefficient analysis was used to detect the most important and effective factors on grain yield. The direct and indirect effects of characters on grain yield were given in Table 8 . All characters in the final model except of the spike length indicated positive direct effects on grain yield. Hectoliter grain weight, which had the highest significant correlation coefficient with grain yield (0.71), showed the highest direct effect (0.386). In addition, spike length, which had a negative and highly significant correlation coefficient with grain yield (-0.25) , exhibited the least direct influence (-0.088). The direct effects of thousand grain weight and early vigor on grain yield were relatively remarkable. The most indirect effect of traits on grain yield was obtained from hectoliter grain weight via thousand grain weight and early vigor via hectoliter grain weight. DISCUSSION Knowledge of interrelationships between grain yield and its contributing components across different years will improve the efficiency of breeding programs through the use of appropriate selection indices. The development of high-yielding genotypes requires a comprehensive knowledge of the existing genetic variation for yield and its components (SHUKLA et al., 2006) . The genetic variability parameters provide information about the expected response of grain yield and other characters and can be used to select and develop optimum breeding procedures. Genetic variability studies for various crops have already been reported (EHDAIE and WAINES, 1989; MOGHADDAM et al., 1997; SHUKLA et al., 2006 , KAUSHIKA et al., 2007 , MOHAMMADI et al., 2011 ZAREI et al., 2012; AHMADI et al., 2015) , but very limited studies have been reported to date in comparison of heritability on barley in different years. In this research the variation exhibited by the 40 pure lines along with three check cultivars, in 11 agromorphological traits shows that selection for several of these traits may be effective. However, selection efficiency is related to the value of heritability and genetic advance WAINES, 1989, JOHNSON et al., 1995) . The value of heritability is affected by the yield level of the environment and the type of genetic materials due to the fact that the studies traits are created by the effects of genes and growing seasons (TOKER, 2004) . In this study, high estimates of heritability and expected genetic advance were shown only for the number of grains per spike, thousand grain weight and peduncle length. However, the lowest estimate for two genetic parameters was observed for grain yield. As in many other crops, grain yield had the lowest heritability estimate with a relatively low value for genetic advance. EHDAIE and WAINES (1989) , MOGHADDAM et al. (1997) , CHAND et al. (2008) , and KAHRIZI et al. (2010) also reported moderate to low values of heritability and genetic advance for grain yield in barely and other crops. EHDAIE and WAINES (1989) suggested that heritability estimates of grain yield are usually lower than other characters, because the environmental effects constitute a major portion of the total phenotype variation in this character. Thus, the selection of superior genotypes based on yield per se would not be effective. For a more efficient approach towards improvement of grain yield, selection should be made on its components. The association of plant characters with grain yield thus assumes a special importance as the basis for selecting high-yielding genotypes. In the present study, grain yield was positively correlated with all of the traits except plant height, spike length and number of grains per spike. Previously, FEKADU et al. (2011) reported non-significant correlation between grain yield with plant height, spike length and number of grains per spike. The correlation coefficients between various traits could be partitioned into direct and indirect relationships by the path analysis method. Path analysis of grain yield and the important traits remained in the final model of regression revealed that the days to physiological maturity, peduncle length, early vigor, number of grains per spike, hectoliter grain weight and thousand grains had a positive direct effect on grain yield. The negative direct effect of spike length on grain yield may be counterbalanced due to the thousand and hectoliter grain weight.
Consequently, the data in this study showed the possibility of improving barley cultivars by selection for grain yield and its components in rain-fed conditions in the semi-arid regions of Iran. Considering that out of 40 pure lines, 27 lines had a higher grain yield than the mean of three check cultivar, thus crosses between the pure lines and the check cultivar would increase genetic variation for characters such as peduncle length, number of grains per spike, thousand grains weigh, early vigor and grain yield without drastically changing the main features of the pure line of being adapted to semi-arid climate and to the low-input crop husbandry practiced in the region. In addition, these pure lines could be also used as a genetic material to broaden the genetic basis of barley breeding programs all over the world.
